We are interested in the routes through which acetate is mineralized in soils of the Florida Everglades, particularly Water Conservation Area 2-A (WCA-2A). Runoff from the adjacent agricultural area has resulted in a gradient of phosphorus in WCA-2A surface soils ranging from approximately 1,500 mg/kg in eutrophic regions to 400 mg kg Ϫ1 in the interior (3, 29, 38) . Concomitant with increasing phosphorus concentrations in WCA-2A is an increase in primary productivity leading to higher numbers of microorganisms responsible for carbon cycling, including methanogens, fermenters, and sulfate-reducing prokaryotes (SRP) (2, 3-5, 7, 13, 35, 38) .
A detailed understanding of the pathways leading to methanogenesis and of the mechanisms through which eutrophication impacts these pathways is crucial to developing global models of CH 4 flux. In most wetland systems, acetate is considered to be the primary precursor for methane, accounting for approximately 70% of the methane produced globally (11) . A few notable exceptions, including the Florida Everglades and northern sphagnum-rich bogs (17, 20, 25) , exhibit significantly higher rates of hydrogenotrophic methanogenesis than acetoclastic methanogenesis. Specific pathways for methanogenesis are likely to depend on the specific system; however, syntrophic acetate oxidation has been shown to be more energetically competitive than acetoclastic methanogenesis in some subtropical sediments (27) . A previous study suggested the presence of syntrophic acetate oxidizers in Everglades soils (8) , so the current study was initiated to further investigate the microbial groups responsible for consumption of acetate as a function of nutrient enrichment in these soils.
Soil samples were collected in December 2004 from eutrophic stations F1 and F4 and oligotrophic station U3, as previously described (3, 8) .
Stable isotope microcosms were established as previously described (8) (8, 33) . The purity of labeled DNA was confirmed by screening dense and light bands for added E. coli DNA as previously described (30) . E. coli DNA was not detected in the [ 13 C]DNA fractions but was detected in all [ 12 C]DNA fractions (data not shown). Clone libraries were constructed from dense DNA bands and grouped into operational taxonomic units (OTUs) by restriction fragment length polymorphism classification, as described in previous reports (7, 8, 34) . Two or three representatives of each OTU were sequenced and subjected to chimera evaluation (10); two putative chimeric sequences were eliminated from further analysis. Sequences were analyzed as described previously (7, 8) .
Weekly methanogenesis values obtained from depletion of [ 12 C]acetate and [
13 C]acetate were determined by gas chromatography as previously reported (3) and are shown in Fig. 1 . The average methanogenesis rates for stable isotope probing microcosms were similar for eutrophic soils F1 (46 mol g Ϫ1 week Ϫ1 ) and F4 (46 mol g Ϫ1 week Ϫ1 ), and lower rates were observed in U3 microcosms (25 mol g Ϫ1 week Ϫ1 ) than in F1 or F4 microcosms (P Յ 0.001) (Fig. 1) . Predicted CH 4 production from acetate and observed CH 4 production from acetate also differed for all three soils. In theory, 1 mol of acetate utilization yields 1 mol of CH 4 (31) ; assuming that all added acetate resulted in formation of CH 4 , the acetate-containing microcosms should have yielded 400 mol of CH 4 . F1 [
13 C]acetate-containing microcosms formed 78% of the predicted CH 4 , F4 microcosms formed 89% of the predicted CH 4 , and U3 microcosms yielded 66% of the predicted CH 4 . The smaller amounts of CH 4 formed in U3 microcosms are consistent with observations made with labeled fatty acids (8) and may indicate that the fate of acetate is more complex in U3 soils than in eutrophic soils.
For a total of 96 clones screened from each clone library, nine dominant OTUs were observed in F1 libraries, 11 dominant OTUs were observed in F4 libraries, and 12 dominant OTUs were observed in U3 libraries. The dominant sequences in these libraries represented deltaproteobacteria and low-GϩC-content gram-positive bacteria (see Fig. S2 and S3 in the supplemental material), but they also included sequences representing alphaproteobacteria, betaproteobacteria, and gammaproteobacteria ( Fig. S2 in the supplemental material). U3 microcosms contained sequences clustering with Desulfotomaculum spp. (see Fig. S3 in the supplemental material). These data strongly suggest that the dominant groups of Bacteria that utilize acetate are different in soils along the nutrient gradient. The significant representation of sequences clustering with SRP in all three libraries may have been due more to their potential role in syntrophic partnerships than to their role in sulfate reduction. It is unlikely that sufficient endogenous SO 4 2Ϫ from soil was available as an electron acceptor after 10 days of preincubation. The sulfate concentrations at the time of sampling ranged from 0. 13 This differed from the situation in U3 libraries, in which dominance of Geobacter spp. and Clostridium spp. was observed, suggesting that there were syntrophic relationships, as previously reported for members of these genera (12, 32) . A total of 40 clones each of archaeal 16S rRNA gene sequences from F1, F4, and U3 microcosms were screened. Three OTUs were observed in the F1 library, three OTUs were observed in the F4 library, and five OTUs were observed in the U3 library. Two representatives of each OTU were sequenced and phylogenetically characterized (see Fig. S4 in the supplemental material), and the clone libraries from F1 and F4 microcosms included sequences clustering with acetotrophic Methanosaeta spp. (100%). U3 sequences were more diverse, with sequences clustering with Methanosarcina sp. and Methanosaeta spp. (Table 1 ; see Fig. S4 in the supplemental material). In addition, 3% of U3 sequences clustered with Methanocalculus sp., whose members require acetate for growth but are unable to utilize it as a methanogenic substrate (24) . Methanosaeta spp. were the sole acetate-utilizing archaea in the F1 and F4 libraries; Methanosaeta spp. are competitive with Methanosarcina sp. in the presence of low acetate concentrations (7 to 70 M). In contrast, the U3 library was dominated by Methanosarcina spp. (69%), and there was significantly lower representation of Methanosaeta spp. (25%). Methanosarcina spp. outcompete Methanosaeta spp. at high acetate concentrations ranging from 0.2 to 1.2 mM (22) and may utilize hydrogen as an electron donor (15, 37) . The dominance of Methanosarcina spp. in the U3 library suggests that higher concentrations of acetate may accumulate in the U3 soil. In a previous study of soils of the northern Everglades, Drake et al. (13) suggested that acetate production by homoacetogens might be greater in soils similar to U3 soil than in eutrophic soils. In addition, Chauhan et al. (7) previously reported that the numbers of acetotrophic methanogens relative to the numbers of hydrogenotrophic methanogens were much higher in U3 soils than in F1 or F4 soils, which may also suggest that there is greater relative accumulation of acetate in U3 soils than in eutrophic soils.
Microcosms were incubated for 7 weeks, so that DNA from slowly growing syntrophs and methanogens might be labeled sufficiently to be separated from [
12 C]DNA. This may have been sufficient for labeling some non-acetate-utilizing groups. As with any stable isotope probing study, cross feeding or consumption of dead labeled biomass may have resulted in labeling of nonacetotrophs (16) . Despite this limitation, dominant sequences identified here belong to genera that have the potential to utilize acetate in anoxic ecosystems, lending support to our contention that the dominant sequences were labeled as a result of direct consumption of acetate.
A second potential limitation in this study is the lack of incubation of replicated cores taken from each site. The within-site variability of methanogenic consortia at these sites is far less than the between-site variability (5). It is unlikely that additional replicates would have yielded different conclusions, although the precise proportions of groups shown in Table 1 may have varied somewhat.
Syntrophic oxidation of acetate appears to be a common theme among members of the Bacteria in all three soils, with Syntrophus-like sequences dominating libraries from eutrophic soils and Geobacter, Clostridium, and SRP sequences dominating the oligotrophic soil library. The dominance of Methanosarcina sequences in the U3 archaeal library suggests that there is greater accumulation of acetate in U3 soils than in F1 and F4 soils.
Nucleotide sequence accession numbers. The partial 16S rRNA gene sequences obtained in this study have been deposited in the GenBank database under accession numbers DQ201572 to DQ201615 for bacterial sequences and under accession numbers DQ201616 to DQ201632 for archaeal sequences. 
